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On September 13, 1931, the English flight lieutenant 
Boothman received from his squadron commander Orle"bar the 
order to take the S.6B No, 7 and go out and win the Schnei- 
der Trophy for England. Scarcely an hour later, Lieutenant 
Boothman returned to report that the order had been success- 
fully carried out with an average speed of 548.5 kra/h (340.8 
mi . /hr . ) . 

This is not a paragraph from some fantastic novel of 
the future, but of an actual accomplishment. Thus one of 
the most bitterly fought contests in the history of avia- 
tion had been brought to what might almost be called an un- 
pretentious end. But for all that, the end marks a glow- 
ing chapter of achievement for English aviation. 

Some nineteen years ago - December 5, 1912 - the yoiith- 
ful French sportsman Jacques Schneider, a relative of the 
founder of the well-known Schneider-Creuzot concern, endowed 
a prize to go to the country that in three successive inter- 
national seaplane races remained victorious. The rules and 
regulations called for yearly races, nationality of pilot 
as entry of the respective country, and seaworthiness. 

The will of the donor, entry restricted to high sea- 
worthiness, was - let it be remarked at the outset - not 
complied with. Admittedly, a so-called seaworthiness test 
was stipulated in every race. But being confined to rid- 
ing, taking off, and alighting on calm, protected water, 
it can therefore hardly be called a proof of seaworthiness. 
Thus the entries in the various races were anything but 
seaworthy . 

Technically this limitation has certainly done no 
harm, for it made the problem of the designer unambiguous 
and the solution clear. Such limitations speed up and pro- 
mote any development. 



* n Der Tettbewerb urn den Schneider-Pokal . M Z.P.M., August 
12, 1932, pp. 442-454; and August 27, 1932, pp. 477-483. 
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SURVEY 0? RACES 



Table I is a survey of the time, place, and winner 
of the various races. With the exception of the war pe- 
riod, the races were held every year until 1926. Then it 
was decided to hold them every second year because of the 
almost prohibitive amount of technical work and money in- 
volved. 

Altogether there were twelve races. No decision was 
declared in 1919, because the sole entrant was not seen 
on a turn, due to foggy weather. The 1924 race was by 
agreement with the U.S.A. postponed because of the inabil- 
ith of the other nations to have their entries ready in 
t ime i 

Participants of the races were: 
France ~ 1913 (winner), 1914, 1919 (not started), 1923. 
England - 1914 (winner), 1919, 1922 (winner), 1923, 

1925, 1927 (winner), 1929 (winner), 1931 (winner) 
Italy - 1919, 1920 (winner), 1921 (winner), 1922, 1925, 

1926 (winner), 1927, 1929. 
U.S.A. - 1913 and 1914 (French airplanes), 1923 (winner), 

1925 (winner) , 1926. 
Switzerland - 1914 (French airplanes). 

Germany ~ 1914 (Aviatik biplane; washed out before race). 

G-ermany never was much interested in these races, nor 
in the development of racing airplanes; with the exception 
of Claude Bornier. 

France never had much success, after 1914, in spite of 
all its efforts. In fact, there never had been any really 
serious attempt until 1926, when the French Government com- 
menced to grasp the real significance behind these techni- 
cal competitions, nevertheless, they were unable to par- 
ticipate before 1931. I r . that year IT: eupor t , Bernard, and 
Dewoitine were each to build a racing seaplane with two 
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different types of engines, but the first practice flights 
revealed their utter hopelessness compared with the speeds 
of the English and Italian entries. 

Both England and Italy have evinced keen interest in 
high-speed seaplanes since the war. England had already 
gained a very signal victory in 1914, which exerted a last- 
ing influence on the war-time design. (Compare the Sopwith 
pursuit airplanes.) 

America showed only a passing interest (1923-1925) . 
Following the defeat of 1926, the U.S. Government declined 
all further cooperation. This change was "based upon the 
completion of a well-defined "building program. Even Lieu- 
tenant Williams 1 strenuous efforts failed to effect any 
po stponexnent • 

All in all, the Schneider Trophy Races registered no 
marked technical progress until the respective governments 
took an active rnt ere st in the races. Up to 1923 the race 
remained a field of activity for the sportsman and the air- 
plane manufacturer. Technical development was slow, syste- 
matic preparation a minimum. The victorious Sopwith of 
1914 (fig. 5), although specially "built for racing, was, 
after all, designed according to the specifications for 
light scouting seaplanes, used at that time "by the British 
Navy. The entries from 1919 to 1922 were single-seat pur- 
suit sa&planes (figs. 5-9). The engine power was raised 
by higher conpression and r.p.m. 

Heal racing seaplanes did not appear until 1923, al- 
though the attention of the Air Services of the U.S.A. had 
"been directed toward the development of racing seaplanes 
as a "basis for the design of high-speed military airplanes 
as far hack as 1'919. The chief sponsors of this movement 
were the Curtiss airplane company. And so Curtiss sea- 
planes were shipped to Europe as entries of the 1923 con- 
test (fig. 10). They had "been "built at government expense 
and were flown "by U.S. ITavy officers. The race revealed a 
42 km/h (2 5 mi . /hr . ) higher speed of the U.S. entries over 
the highest European entry. Marked technical superiority 
was the reason for this. 

This acted as a stimulus for England as well as for 
Italy. Pursuant to a definite policy of development., the 
English Air Ministry place 1 an order with txie G-loster Air- 
Craft Co., Ltd. which, o:_ its own account, had already "built 
the Bamel racing landplanes , and with the Superraarine Avi- 
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ation Company which, since 1920, had successfully represent- 
ed England in the races with its speedy "Sea Lion" flying 
"boat s • 

The Italian Air Ministry also took over the develop- 
ment of seaplane racers. Several firms, among them the 
Italian "branch of the Dornier, were called upon to submit 
competitive designs. Thus, January 1924 saw the design of 
a Dornier monoplane racer which had all the characteris- 
tics of the very promising Supermarine monoplane S.4, of 
October 1925 (figs. 13, 14, and 15) , Unfortunately, this 
design of German technique never reached the building 
stage. It already incorporated the refinements of the mod- 
ern racing saaplane ; its superior qualities were revealed 
in the wind tunnel and furnished without a doubt, many val- 
uable hints for the Italian racing aeaplane design. 

In 1925 the United States still had the start over 
all other countries. The English Supermarine S.4 devel- 
oped serious wing flutter, and had to he withdrawn after 
a^ forced landing. The G-loster III biplanes (fig. 15) were 
obviously inferior to the American entries. The sane ap- 
plied to the Italian Macchi M.33 (fig. 17) which, in addi- 
tion, were mounted with a less powerful Curtiss D.12 en- 
gine. Even the English metal propellers were considered 
inferior "by the Americans* 

The 1925 race ended with a very close victory of the 
Italian iiacchi M.39 (figs 18 and 19), , and was in no small 
measure due to the excellent skill of Di Bernar&i, It be- 
came more and more evident that skill and especially, abun- 
dant training played a decisive role in the piloting of 
such racers. With Italy's victory, the technical advan- 
tages of the United States were wiped out. England could 
not participate in 192S, because the preparations could 
not "be completed in time. 

England also realized that the flight training for 
such races v/as just as important as the technical prepara- 
tions. Heretofore, factory pilots had flown the English 
racing airplanes hut the highly technical ability and the 
flight practice of these test pilots could never offer a 
substitute for an intensive course in training for such 
races. The result was the formation of a special High 
Speed Flight. Its sole function consisted in the training 
of pilots and the testing of airplanes for the purposes of 
the Schneider race. jjfh&p organization proved to be up to 
the mark. It had military training; The personnel was 
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supplied by the Air Ministry. Apart from the success in 
the Schneider races, other extremely valuable information - 
technical as well as medical - was obtained and put to 
practical use. In agreement with American experience, it 
was found that flying a racing seaplane is more difficult 
for a seaplane flyer than for a landplane flyer. As a mat- 
ter of record, all Schneider races, since 1923, wore won 
"by landplane flyers. 

Whereas the Americans had already shown careful prep- 
aration, the English in the coming races demonstrated an 
exactness that is hard to "beat in the selection and train- 
ing of its pilots, which in no small measure was due to 
the zeal and application of Wing Commander - then squadron 
leader of the High Speed Flight - A. H. Orlebar. 

The races of 1927, 1929, and 1931 revealed England as 
superior winner with its Supermarino low-wing monoplanes, 
all designed along the same lines (figs. 4, 20, 30-35). 
The careful preparations bore abundant fruit. The races 
were devoid of the spectacular. It was the calmly thought- 
out plan that let England win, that gave England the victory 
uncontested. 

When evaluating the performances, let it be noted that 
a comparison, limited exclusively to the winning airplanes, 
yields no true picture of the status of the technique. 
Many times it w?..s not the speediest nor the most technical- 
ly advanced type that carried away the prize. Quite often 
promising entries had to be withdrawn from the race because 
of some unfortunate circumstances as, for instance, the 
fastest entry of the first race, flown by the German-Amer- 
ican .Weymann, in a Sieuport monoplane (substantially the de- 
sign of our countryman Franz Schneider) , was forced by a 
break in a fuel line to quit after covering 240 kilometers. 
The very promising Gloster VI (fig 30) was unable to enter 
in 1920 because of engine trouble. At other times air- 
planes crashed prior to the races (e.g., (Xirtiss and Wright 
biplanes, 1925-26, Short "Crusader," 1927 (fig. 21). France 
and Italy both had several such mishaps. In many cases the 
real cause could be traced to lack of preparation. 

After 1925 the race had narrowed down to a duel be- 
tween England and Italy. Their methods of technical de- 
velopment followed two basically different lines. Great 
Britain concentrated on one type of seaplane and one en- 
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gine, namely, the braced low-wing type of monoplane with 
water-cooled engine. The "biplane type later on was more 
a matter of comparison. The design was under the juris- 
diction of the Air Ministry, which also controlled the tech- 
nical development without, however, placing undue restric- 
tions on the designer. The contracts stipulated design and 
construction only in agreement with the Air Ministry. This 
explains the uniformity in design of the English racers. 

Italy evidently did not cooperate that closely. The 
responsible officials shifted the brunt of the development 
to the industry. Hence the different methods of attack 
and a greater multiplicity of types. Among them they de- 
veloped promising theories for obtaining higher speed. The 
dispersal of the efforts, on the other hand, was followed 
by a less perfect product of the individual types. 

Thus, when England finally won the Schneider Trophy, 
uncontested, it had well earned the victory by systematic 
effort concentrated to direct results. Italy's aims, on 
the other hand, were ostensibly more with an eye to future 
developments to insure a permanent technical superiority. 
For, after all, the persistent endeavors for higher speed 
did not terminate with the Schneider Trophy Hace. Future 
development will tell whether Italy's activity in this re- 
spect was successful or not. 

In contrast to the British, which disbanded their High 
Speed Flight, Italy still carries on its experiments with 
racing airplanes. The next aim of the Italian Experimental 
Branch for high-speed flight at Lake Garda is the world 1 s 
speed record. This branch is experimenting with several 
novel racers. In one, a Llacchi twin-engine seaplane, Lieu- 
tenant Ileri is alleged to have reached a speed of 745 km/h 
(462. 9 mi./hr.) over a 3 km (1.8 6 mile) course in May 1932, 
according to newspaper reports. The particular seaplane 
has two Fiat engines in tandem, developing 2,750 hp. each 
at 3,300 r.p.a., with only 50 liters (3,051 cu.in.) dis- 
placement and 930 kg (2,160 lb.) weight (0.357 kg/hp == 
0.776 lb. /hp.) . 

France also continues its experimentation with sea- 
plane racers, although no special performances have become 
known . 

For general flight technique tl_e Schneider race is of 
much more significance than we are wont to believe here in 
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Germany. This assertion is fully "borne out by some state- 
ments from various foreign experts. 

As concerns the engine development of racing airplanes, 
the Director G-eneral of the Rolls Hoyce, Ltd., has this to 
say: "The development of racing engines has led to im- 
proved design of every vital engine part. It will result 
in longer life of the standard service engine types of the 
air services. 

Economically, high-speed engine development is a sav- 
ing, "because much time is saved to attain to technical 
perfection. In fact, it is safe to say that the research 
for the Schneider race, carried on during the past two 
years, is equivalent to a normal development activity of 
our Engine Section of from six to ton years* 

3esides, the publicity for the superiority of British 
products is not to he underestimated." 

Wing Commander A. H. Orlebar, of the High Speed Flight, 
in a speech before the Hoyal United Service Institution, 
in March 1932, stated: "Without the stimulus of a Schneider 
Co?itest, it would have "been an impossibility to get the co- 
operation of all the exports. The knowledge was bought 
cheaply notwithstanding all the cost. All progress levies 
a toll in human lifo as well as in money, a fact which is 
usual ly overlooked. 

Ono brief Antarctic expedition costs more than 2^ 
times as much as all the money expended here in England 
for the Schneider race. The results of high speed are 
surely just as useful to humanity as Polar research. The 
Schneider Cup racing seaplanes point the way to higher 
speeds in commercial flying. " 

William Wait, Jr., one of the leading designers of 
the Curtiss racers (1920-1925) writes undi sp ut edly , as fol- 
lows: "We hear so much about the efficiency of our Air 
Services. This is not quite the case from the point of 
view of the materials. According to reliable information 
the English service airplanes have a speed of well over 
360 km/h (223.7 mi . /hr f ) . Our service airplanes had high 
speed so long as we kept on developing racing airplanes; 
but no longer. This is not to be construed as inability 
of our designers, but rather as the result of lack of means 
to carry on the research work on racing se.aplanes." 



8 



N,A.C t A t Technical Memorandum No* 712 



The most powerful pursuit airplane ef the U.S.A. was, 
as is known, developed from the Curtis3 racer. The world- 
known Curtiss "Conqueror" engine is also a direct result 
of the racing engine devel opmerit , Metal propellers, in- 
ternally sprung wheols, wheel "brakes, wing radiators, and 
many other technical refinements aro the fruits of the 
American racing airplane development. 

In the face of the technical gain, the objection of 
almost prohibitive development costs does not "hold water* 11 
The 1927 race cost England, between 1925 and 1927, approx- 
imately 5,500,000 Marks. Italy is said to have spent even 
more since 1923, For the 1931 race, Lady Houston donated 
2,000,000 Marks, This sum defrayed all expenses inciden- 
tal to airplane and engine development. Two airplanes were 
remodeled, at least three airplanes were built completely 
new, and about six onginos manufactured. 



THE PIL0T f S SIDE 



Piloting a racing airplane presents special difficul- 
ties. On top of that the races must, in :aost cases, be 
flown by pilots who are not at all, or little used to very 
high-speed flying. The short life of the onginos permits 
no extensive training, Most racing airplanes are therefore 
patently not completely developed from the point of view 
of flight qualities. That explains many difficulties and 
accident s . 

The pilots in the Schneider race always emphasized 
two objectionable features, namely, insufficient visibili- 
ty and annoyance from exhaust gases. In this respect the 
biplanes (as the Gioster IV and the Supermarino S.4, for 
instance) showed especially poor visibility, which was the 
main reason the British changed over to the low-wing type. 
The danger of poisoning *:>y exhaust gas, which may have 
been responsible for many otherwise unexplained accidents, 
has now been removed by a fresh air feed in the pilot's 
cockpit . 

With the high take-off and landing speeds it is man- 
datory that the pilot be used to them. Hence, piloting a 
racer stipulates a corresponding training, as first recog- 
nized by the U.S. A,, and along which linos the English 
High Speed Flight was organized in 1925, Italy followed 
along similar linos. The so training sections also took 
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over the flight testing of new racing types as well as all 
other experimental flights. One important feature of the 
training was the teamwork of the selected pilots. 

For the 1931 race the English pilots were schooled in 
the following order: Fairoy III F "biplane with floats, 
Fairey Firefly (one place) biplane, Gloster IV "biplane, 
Supermarine S.5 low-wing monoplane, Gloster IV low-wing 
monoplane, Supermarine S.6 low-wing monoplane, Supermarine 
S.6A, Supermarine St SB. Each pilot received aboiit 12 hours' 
flight training on racing airplanes. 

The land flyers claimed that the most difficult stage 
in the training occurred when changing from the service 
seaplane to the G-loster IV "biplane. The instability about 
the normal axis was especially disturbing in the Gloster 
IV A and IV B as result of the raised upper wing for better 
visibility. The high accelerations to which one becomes 
only gradually accustomed, were likewise very disquieting. 
But the take-off was the real difficulty, because of the 
propeller torque at times making starting altogether impos- 
sible, except by well-defined wind and wave conditions. 
Waghorn's report on take-off difficulties in the Superma- 
rine S.6 is very pertinent (reference 1). The torque made 
the left wing dig into the water, bringing the tip danger- 
ously close to the water and swinging viciously to the 
left. The drag of the floats was high. Take-off was not 
exactly into the wind but at 20° to the left and with rud- 
der hard to the left in order to get her on the step. In 
the air the S.6 was said to be easier to fly and to be more 
stable when stalled than the S.5. 

A. H. Orlebar expressed himself similarly (reference 
2) • When taking off the eaaplano would veer to the loft 
until it gained sufficient speed to make the rudder effec- 
tive. In the early stage the pilot is almost blinded by 
the spray. There is absolutely nothing to do except keep 
the head down and start off to the right of the wind, hold- 
ing the stick to the right and back and be ready to take 
control as soon as the airplane gains way. In, the latter 
stages of the run the floats are subjected to enormour, 
stresses, and the V shape and strength of the floats in the 
absence of shock absorbers are therefore very vital fac- 
tors. It takes almost 1.5 km (l mile) to get off the wa- 
ter (with the S.S) and another kilometer (.62 mile) before 
the seaplane climbs comfortably. Once when the engine cut 
out suddenly after just taking off, the seaplane covered 
about 4.5 km (2.8 miles) before it could be landed. From 
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full throttle at 60 m (200 ft.) it takes about 5 km (3 
miles) to pull up. At 530 km/h (330 mi./hr.) the S.6 flies 
itself with hands and feet off. 

When landing the S.5 the pilot has to approach at 240 
km/h (149 mi./hr.). The speed drops slowly. The seaplane 
touches the water very gently at about 165 km/h (102*5 mi . / 
hr„), hut the deceleration is very rapid. The pilot needs 
to brace his shoulders well hack to prevent being thrown 
forward and breaking his goggles on the board. "Oily 11 sea 
makes landing difficult. When the waves show whitecaps 
(say a wind of 6.5 m/s - 21 ft. /sec), it is too rough to 
take off. 

One of the first problems in the races was, the most 
efficient method of cornering. A tight steep t\irn at the 
pylons produces in high-speed airplanes, high centrifugal 
forces, which stipulate very high structural strength and 
impair t:\c- efficiency of the pilot. According to Waghorn, 
trained pilots suffer between 5 and 7 g the Ions of sight, 
starting with blurred vision. He is of the opinion that 
the pilot does not lose consciousness but rather loses his 
quickness of thought and that if done repeatedly, has a 
weakening effect, although H. E. Wimperis (reference 3) 
disputes it. A. H. Orlebar (loc. cit.) states that in a 
sustained steep turn the first effect is a feeling of 
tightness around the nock, then a blurring of sight, and 
finally, blacking out. As soon as the airplane is straight 
o-'-v^out, these sensations vanish. There are no after ef- 
fects. Host pilots see black at 5 g in a sustained turn, 
although different pilots can withstand different amounts 
of g. In the High Speed Flight it was a point of honor 
to confess if one felt unfit. Six of the twelve flyers 
were nonsmokers and teetotalers. It was advisable to wear 
a loose collar. Elastic belts had been tried but had 
proved useless. 

Loose turns at the pylons mean greater distance flown 
and lower average speed. 

The Italians preferred in 1927 and 1S29 a climbing 
turn (half loop followed by rolling out on top), utilizing 
the height gain of about 200 m (550 ft.) to increase the 
speed on the straightaway. Th:. s method of cornering al- 
though very spectacular, was not as efficient as that of 
the 3*i ti sh . 
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Elaborate theoretical studies led the British to con- 
clude in 1925 (reference 4) that a sustained, not unduly 
steep turn with no loss or gain of height, would be most 
efficient. Radius of turn and bank were so chosen that 
the acceleration did not exceed 5 g # This yielded turns 
with about 50° bank. The best possible average speed was 
defined at about 97 percent of the top speed in level 
flight. The investigations also revealed that the gain of 
mean speed becomes less with increasing acceleration. 
Consequently, circling the pylons in steep and tight turns 
presents no appreciable advantage. 

Conversely to these theoretical studies, flight meas- 
urements on high-speed single-seat pursuit and racing air- 
pla.nes have shown that not the turn without change of 
height but tho curve with minimum gain of height, yields 
the best average speed. Airplanes with very low power 
loading have a tendency to climb at the commencement of 
the turn. If this height change is counteracted by the 
rudder, there is quito an appreciable loss of speed in rac- 
ing airplanes. The best compromise is afforded from free 
flight measurements, as practiced by the British for the 
1929 race for defining the best radius of turn, accelera- 
tion at each point of the path of turn, and best dynamic 
pressure. The radius of turn of the S.63 in the 1931 race 
was estimated at around 700 to 750 m (2,300 to 2,450 ft.), 
the flying height on the straightaway at about 120 m (394 
ft r )« The best turns with the S.63 were flown at around 
730 in (2 ,395 ft.) radius, and at 560 km/h (348 mi . /hr . ) 
speed indication, according to Orlebar; then there are no 
unpl easant effects. 

High speed with its attendant accelerations, and the 
unusual landing speeds, together with the difficulty of 
taking off from water, always involve greater hazards. 
Added to that were the very limited practicing facilities 
in most cases. But in spite of all that the Schneider 
races remained without fatal accidents, although there was 
no lack of serious mishaps. Airplanes caught fire in the 
air, otners developed propeller trouble, wings and tail 
surfaces showed signs of flutter; there were forced land- 
ings due to exhaust-gas poisoning, or blinding caused by 
leaking fuel or lack of fuel. Most races had some acci- 
dents. In mo3t cases they were trifling. The preparatory 
stages of the races, on the other hand, took a number of 
valuable human lives, particularly during the practice 
trials. 3ut those accidents wore not in vain: technique 
and science wore able to gather much useful information. 
In this respect also the Schneider Trophy Race can in no 
way be classed among tho ordinary airplane races. 
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SURVEY 0? ENTRIES 



The development of the Schneider Race entries is sim- 
ilar to that of the racing landplanes; from braced mono- 
plane to braced "biplane, then to cantilever monoplane and 
"back to "braced monoplane. 

Admittedly, the 1913 monoplane (fig. 3) is in no way 
like the modern racing monoplane. The bracing system 
shows in place of the numerous cables a few but very care- 
fully streamlined wires. In spite of more than twice the 
total weight, the wing area is only a portion of the orig- 
inal size. The contour of the wing corresponds to the ad- 
vances made in the science of flow research. 

The first law for the racing airplane is the elimina- 
tion of all avoidable drag. All dimensions are kept to a 
minimum. 
• 

There has been a radical change in the flotation gear. 
The plump, three-float gear with two small, mostly un- 
stopped main floats and a tail float, is now replaced by 
two long, single-step floats of most carefully designed 
form. Aerodynamical ly and hydro dynamic ally the floats 
have "been very much improved. Instead of nine struts, the 
flotation gear now has four. 

Even if the 1913 designer had had a modern racing en- 
gine, he would never have been able to reach the speeds 
which to-day are looked upon as ordinary. 

As compared to 1913-14, the wing loading is five times 
as high and the horsepower per square foot of wing area 30 
times as high, whereas the power loading is now about one 
seventh of the original figure. The engines of 140 and 70 
horsepower then, have risen to 2,300-2,500 horsepower. 

In spite of more than twice the total weight, the air- 
plane dimensions have become smaller. One remarkable fea- 
ture is that all racing monoplanes since 1913 "nave practi- 
cally the same aspect ratio, namely, around 6. 

The largest factor in the speed increase between 1913 
and 1931 is, unquestionably, the rise in engine power. 
The speed diagram (fig* 2) manifests a relationship of the 
3d power of engine horsepower. It follows from this that 
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the development of racing airplanes hitherto followed the 
same high-handed and uneconomical method as in the other 
motor vehicles (automobiles, motor boats, etc,). But this 
fact is neither a reproach nor a reason for pessimistic 
interpretation of the growth in speed. The technique of 
flight still offers the engineer many new avenues of attack. 

Even though the winners since 192S have "been with 
"braced low— wing monoplanes, this is no sign of their supe- 
riority. Experienced designers still maintain, that supe- 
rior "biplanes could "be built. 

Since, as already mentioned, the induced drag of a 
racing airplane is without significance, a comparison of 
the wing structure forms need not go beyond the static 
side of it. In this respect the multiplane appears, ordi- 
narily, to have the advantage. 

The cantilever monoplane never was looked upon with 
favor, and this design was soon abandoned. The transition 
to the wire-braced type was evidently brought about by the 
wing flutter rather than for any static-aerodynamic rea- 
sons (wing weight, profile drag). This change led to the 
low-wing, with drag wires attached directly to the fuse- 
lage, the lift wires at the flotation gear, lower landing 
speed (ground effect), and improved visibility. 

The wing of the modern racer is a semi- thick (about 
8 percent of the chord) section (fig* 37) cambered on top 
and bottom. Fully symmetrical sections are very seldom 
resorted to. Thin sections never did find favor, in spite 
of their lower profile drag. 

The flying boat as racer has almost disappeared since 
1923. Apart from the power plant, it should be possible 
to design one with just as low frontal drag and just as 
satisfactory aerodynamic qualities as the float type sea- 
plane. But a direct propeller drive demands an engine out- 
side of the hull, which means greater drag. The British 
made an attempt in this direction with their Super marine 
in 1924, but gave it up as hopeless because of seemingly 
insurmountable difficulties involved in the gears. A more 
recent design of a twin-ongino flying boat with direct- 
driven propeller is that of Dornior (fig, 36). 

Another original, but unsuccessful, design was that 
of the Italians in 1929, in the piaggio P.7 (figs. 31 and 
32), which had no floats, (the fuselage acting as main 
float) . 
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There were no multi-engine entries in the Schneider 
races. France, and more recently Italy, have developed 
some twin-engine racers. The fastest Italian competitor 
in 1931 v/as, allegedly, the twin-engine Savoia, "but it did 
not fly in the race, Cornier published, in 1928 designs 
for a twin-float racer with engines in tandem (fig* 25), 
similar to the Italian Savoia S.S5 of 1929 (figs, 26 and 
27) . 

The latest and most promising design of Llacchi is a 
monoplane with two engines joined together end-to-end, the 
propeller shaft from the rear engine lying in the Vee "be- 
tween the front unit cylinders. The propellers rotate in 
oppo si te directions. 

The very same method had "been used "back in 1912 "by 
Hellmuth Hirth in the Rumpler "Taube 11 fitted with two 100 
hp. Argus engines. It is quite remarkable that a long- 
forgotten, apparently unfit, design again "becomes the lat- 
est after 20 years. 

Since 1923, the flotation gear of the modern racer 
(table III) consists of two long, stepped floats. In fact, 
the influence of the Schneider Trophy Contest has been par- 
ticularly noticeable in the advanced float design, which 
otherwise it would have taken years to achieve. Take-off 
and landing speeds of the modern racing seaplanes are in 
the neighborhood of 200 km/h (125 iLi./hr.), which is far 
beyond any other form of water craft. 

Single-float landing gears were never tried on racing 
seaplanes. The necessary support floats evidently induce 
such high frontal resistance as to make this type useless. 

One particularly disturbing feature in racing sea- 
planes is the effect of the high torque reaction of the 
propeller. The propeller torque renders taxying and tak- 
ing off difficult and must also bo taken into account in 
flight. The performance loading of modern racers is slight- 
ly more than 1 kg/hp (2.2 lb. /hp.). Span and float spacing 
are small compared to propeller diameter and propeller disk 
loading, while the propeller r.p.m, has decreased rather 
than increased. 

At take-off the torque reaction becomes an added load 
on one float. The consequence is an inclination of the 
wing and an abrupt turning of the seaplane at a time when 
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the controls are still ineffective. The 1923 Curtiss rac- 
ers therefore used a weight balance in the float. The 
float, lightened "by the torque reaction, was fitted with 
an additional weight in the form of a fuel tank. 

Subsequent developments revealed the inadequacy of 
this weight "balance for larger engines and the same dimen- 
sions. As a result, the more modern racer has a flotation 
gear in which the float loaded additionally at the take- 
off is farther away from the plane of symmetry and, in ad- 
dition, larger than the unloaded float (resistance "bal- 
ance). But even these measures did not always prove suf- 
ficient on all racing seaplanes. Thus the propellers of 
the Supormarine S.G B had to have & diameter greater than 
the optimum figure, "because at take-off with smaller pro- 
pellers, it was impossible to keep the seaplane on the 
course, thus making the take-off altogether impossible.* 
The greatest obstacle of the modern racing seaplane evi- 
dently seems to "be smooth lift-off without unduly long 
run. The take-off requires, in fact, a technique all by 
itself, entirely different from that used for service air- 
planes. This difference may not be quite so great in land- 
planes - at least, there never has been any special men- 
tion of take-off difficulties with racing landplanes. 

It was loft to the Supermarine S.6 3, with its mark- 
edly symmetrical flotation gear, to prove the possibility 
of smooth landing with perfect weight balance. The rules 
of the 1931 contest stipulated a seaworthiness test imme- 
diately before the start of the race, comprising take-off, 
landing, and taxying in a circle on the water. That meant 
a landing with full load of fuel for the 350-kilometer 
cour se . 

The torque of the goarod-down engine** in the S.6 B 
attained to 940 m kg (6,800 ft. -lb.) at take-off. The 
left float had an additional load of 450 kg (992.08 lb.); 
it is 170 mm (6.69 in.) longer than the right float and 
its eccentricity is about 250 mm (9.84 in.) (for a float 
spacing of about 2,300 mm = 90.55 in.). Besides, the left 
float contained from two to three times as much fuel as 
the right float. 



♦Various promising entries were frustrated by take-off 
difficulties. So the Curtiss R 3 0-3 with a Packard en- 
gine (1926) is said to have been practically uncontrollable 
(reference 5) • 

**?or 2,300 hp. engine power. 
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LIFT AND DRAG 



There are two typical signs of progress in modern 
racing airplanes, namely, lower air resistance and in- 
creased horsepower per square foot of win;*; area. The 
first denotes a more perfect airplane design from the 
static as well as the aerodynamic point of view. A low- 
drag coefficient is indicative of great economy. 

high horsepower-area ratio is obtained at the ex- 
pense of low power loading and high wing loading. So that 
the power-area ratio is primarily a problem of engine de- 
velopment, and secondarily, a question of admissible take- 
off and landing speed when standard airplanes are used. 

A third factor is the propeller efficiency. For, 
strictly speaking, the thrust output pov/er of the propel- 
ler should "be referred to the wing area rather than to the 
engine power. So long as propellers with fixed pitch are 
used, the propeller efficiency of the racing airplane has 
a comparatively low limit. Propellers with optimum effi- 
ciency and high speed cannot "be used, because the corre- 
spondingly high pitch would make the take-off almost im- 
possible. To be sure, the difference between serviceable 
and optimum pitch in metal propellers has heretofore never 
been so great as to mako variable pitch propellers abso- 
lutely necessary. But future developments will have to 
resort to this expedient. It is significant, at any rate, 
that most trial flights with the newer racing seaplanes 
included propeller tests. 

There must have been discrepancies in propeller effi- 
ciency when - contrary to the model tests in the wind tun- 
nel - the hi^h-speed figures of the Supermarine low-wing 
types between 1927 and 1931 showed a persistent decline, 
(from r./cw = 20.2 to T|/c w = 17.8). Here the high-speed 
figures offer a good basis of comparison, because the Siea- 
planes are very much alike and engine power and speeds rep- 
resent reliable figures. 

Unfortunately, no detailed test data are available 
other than those of the British, and they only cover the 
year 1927 (reference 5). The British program followed a 
very systematic schedule ? but they have been rather reti- 
cent aboiit publishing their latest data. For example, take 
the test data published or. the Supermarine S.5 low-wing 
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monoplane (Ho, 19 in table II, fig. 20). On the "basis of 
very carefully made investigations a propeller efficiency 
of T, = 0.7 may be assumed. The optimum efficiency was 
estimated by the British at r\ = 0.835,* although never 
reached with the employed propeller for stated reasons. 



PARTIAL RESISTANCES 



The "high-speed figure 11 with our assumedly practical 
propeller efficiency yields a drag coefficient for the 
seaplane in the neighborhood of c w rn 4 n of 

c w « 0.035 

This figure is in close agreement with the wind-tunnel data 
of 

c w = 0.034S 

However, this accord may be accidental. For the much high- 
er characteristics of the seaplane in flight the coeffi- 
cients are perhaps lower, but the resistance in the slip- 
stream is therefore greater.** 

It is of interest to estimate how this total drag is 
distributed. The induced drag of the wing is of very lit- 
tle influence, because the seaplane flies with very low 
lift coefficients. For the case in point 

c a = 0.137 (a = 1.8°) 

or 

c w i = 0.00095 

induced drag coefficient, i.e., an induced drag of 2 # 7 per- 
cent of the total drag. Wings with greater aspect ratio 
are therefore without significance as far as speed increase 
is concerned. 



*The optimum propeller efficiency of the Super marine S.6 
at top speed is r r\ *= 0.78, according to a diagram by F . 
Holroyd, (reference 7) . 

** Careful U.S. flight tests revealed c w = 0.04 for the 
Verville CPR-1 and c w = 0.544 for the Fokker D VII. 



18 



N.A.C.A. Technical Memorandum JTo. 712 



But for the entries of the first Trophy Contest the 
conditions were different. For the 1913 winner (No. 1, 
table II), the lift coefficient in the contest was 

c a = 0.95 

the induced drag 

c wi 53 0.044, 

or an induced drag of about 20 percent of the total drag. 
These seaplanes can no longer "be classed as racing sea- 
planes. Their range of maximum speed was far removed from 
the angle of attack corresponding to the minimum drag co- 
efficient; the obtained "high-speed figures" therefore of- 
fer no "basis of comparison. 

According to a new Gcittingen interpolation formula 
(Ergebnisse der Aer odynaini schen Ver suchsans t al t zu Got tin- 
gen IV, p. 27) 

T = 0.455 1700 

[log — ) ~ 
the surface friction for a 

~- = 11.7 X 10 6 

Reynolds Number may be assumed with a coefficient of fric- 
tion (referred to wing area ) of 

c w-d-f -4-- == 0.00552* 
W F friction 

The frictional drag of the S.5 wings at Y - 453 km/h (281.5 
mi./hr.) then amounts to 58.5 kg (129 lb.) or 16 percent 
of the total drag. Eence the effect of skin friction must 
not be underestimated in racing seaplanes. This leaves for 
the form drag of the S.;3 wings a coefficient of 

°wp form = 0*0OSM 



*A wind-tunnel test on the model S.5 wing revealed for a 
Reynolds Number 4.5 X 10 5 , a friction coefficient of 0.00984 
(R. & M. No. 1299, table 127). 3ut extrapolation is not ad- 
missible because this Reynolds Number is still within the 
transition zone between laminar and turbulent, flow, accord- 
ing to L. Prandtl. 
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Compared with Schrenk's (reference 8) profile drag 
studies, the above drag coefficients are acceptable. Ac- 
cording to him (loc. cit. table III) coefficients of the 
order of magnitude of 

c w * 0.006 

w profile 

were to be expected. The profile drag coefficient 

c w = 0.00855 

w pr of lie 

obtained for the S.5, is ostensibly about 44 percent higher 
which may, perhaps, be explained by the influence of the 
air flow on the wing as a result of the bracing wires. The 
influence of the slipstream may also have some significance 
particularly since Schrenk's investigations had, as known, 
been made on a cantilever wing without slipstream effect. 

But closely agreeing with Schrenk, the skin friction 
of the S.5 is substantially higher than the pure form drag 
of the wing. The R.A.3 1 . 30 airfoil (fig. 31) is very sym- 
metrical. The skeleton line of the profile is a straight 
line. The form drag of the wing is only 25.6 percent of 
the profile drag, whereas the skin friction is no less than 
74.4 percent. 

RESIDUAL DRAG 



Tor the parasite resistance of fuselage, flotation 
gea.r, control surfaces, and bracing system the residual 
drag coefficient of the S.5 is 

c ws - 0.025 

or no less than 72 # 5 percent of the total drag. About 17.5 
percent of it is attributable to increased drag duo to mu- 
tual interference. English measurements reveal that the 
greater part is due to the system of bracing. Consequent- 
ly, the sum of the individual drag quotas is 17.5 percent 
lower than the actual drag. 



*For comparison the profile drag coefficient for the S.5 
was computed with R. E« Upson's empirical formula (for 

—~ ~ 3.5 X 10 s Reynolds ITumbcr) . The rcs\ilt was 

c w = 0.0095. (Soe reference 9.) 

w profile 
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On the Superrnar ine S.6, the drag quota due to mutual 
interference is IS. 4 percent, while measurements on the 
Sperry Messenger sport "biplane disclose at 150 krn/h, ac- 
cording to R. H. Upson (loc. cit.), an additional drag 
due to mutual interference, which amounts to 23 # 5 percent 
of the total drag. 



The drag quotas, according to British wind-tunnel 
tests ar e : 





Super mar ine S.5 Sxtperrnarine S.6 




c ws 


Quota to total 


Mutual inter- 






kg 


ference 






perc ent 


percent 


Bracing system 


0.00221 


i 

6.4 


5.6 


+14.0 


4 struts 


0.00246 


7.1 


5.4 


+ 4.6 


2 floats 


0.00675 


19.5 


21.4 


+ 1.6 


Fuselage 






17.8 




Vertical 


0.00580 


16.7 






tail sur- 








face 






2.3 


- 0.5 


Horiz ontal 










tail sur- 


0.002 63 


7.75 


3.4 


- 1.9 


face 











According to this the rnutuc?.! interference sets up a 
drag of the order of the "body drag. The wing drag of the 
S«5 and of the S.5 was approximately the same (27 # 5 per- 
cent against 27 .7 percent). 



The separate drag quotas of the S.5 are of particular 
interest. The fuselage length is 3.36 m (20.87 ft.), with 
a maximum width of 505 mm (19.9 i .) , and maximum height of 
940 mm (37 in.) (the faired cylinder cowlings included; 
see figs. 38 and 39) and is of oval section. The maximum 
bulkhead area is 0.48 m 2 (5.17 sq.ft.) , the total fuselage 
area 12 # 5 m 2 (l35.6 sq.ft.), and the total volume 1.57 rn 3 
(55.44 cu.ft.), inclusive of the fin. 

The drag of the comploto fuselage, relative to maxim\im 
cross section is 

c* = 0.128 
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About 67 percent ox this is perhaps due to surface fric- 
tion, thus leaving 

c f » = 0.043 

for body drag. 

According to measurements the drag for the hare fuse- 
lage minus vertical tail surfaces was only 

c - 0.107, 

which certainly attests to the aerodynamic qualities of 
modern racing airplanes.* 

The notable feature of the 1925 Supermar ine S.4 was 
its still lower drag coefficient 

c = 0.082, 

despite its 85 percent greater maximum bulkhead and its 47 
percent higher drag than of the S.5 fuselage (fig. 38). 

According to ...LlcKinnon Wood and G-laucrt, the fuselage 
of the Curtiss CH 3 (fig. 10) has a drag coefficient of 

c ss 0.21 to 0.25 

for a maximum bulkhead of 0.65 m 2 (7 sq.ft.). 



*E. Qwer (Jour. Roy. Aero. Soc, July 1932, p. 535) states 
tnat a streamline body equivalent to the fuselage has a 
turbulent frictional drag of 

c r sa 0.00144 

or * / v \ 0 ' 2 

c r =? 0.037 ( ~— ) 
1 \v Lv 

According to that, about 5 percent of the total seaplane 
drag would be surface friction on a bare, perfectly smooth 
fuselage such as the S.5. In reality, the skin friction 
of the complete S.5 fuselage, inclusive of fin, should be 
estimated at around 11 percent of the total drag. A fur- 
ther 6 percent of the total drag is therefore caused by 
the body drag of the complete S.5 fuselage. 
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The following tabulation shows the maximum fuselage 
sections of various racers: 



FUSELAGE SECTIONS AT MAXIMUM BULKHEAD 



Seaplane type 


Cr o ss-secti onal area (m 2 ) 


Supermarine 11 Sea Lion 11 

flying to at 


1.17 


G-loster II "biplane 


0.95 


Gloster III " 


0.95 


Curtiss OR. 3 n 


0.55 


Supermarine S.4 monoplane 


0.91 


Cur tins R3C.2 biplane 


0.61 


Gloster IV M 


0.50 


Supermarine S.5 low-wing 
monoplane 


0.48 


Short 11 Crusader 11 low— wing 
monoplane 


0.59 



(m 2 X 10.7539 ^ sq.ft.) 

The reduced drag "between the S.4 and the 3,5 is pri- 
marily duo to the reduced cross sections. 

The float drag of the S.4, relative to the maximum 
bulkhead area, was 

c a 0.115 

by 0.342 m s (3.68 sq.ft.) maximum bulkhead and an excess 
lift of 55 percent of the total weight as compared to 

c = 0.118 

for the S.5 (table III) with a maximum bulkhead area of 
only 0.295 m 2 'o.lS sq.ft.). The result was a 11 percent 
lower float drag. The float area of the S.5 was 8.95 m 2 
(96.34 sq.ft.) - the excess lift about 47 percent of the 
total weight. 

The four float support struts of the S.5 of R.A.F. 30 
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form gave a fineness ratio of 4:1 • The drag of a single 
strut relative to strut diameter was 

c « 0.0796 

&t a Reynolds Number of 5 # 26 X 10 ° 9 

Originally of pisciform section, the streamline "brace 
wires on the S.5 were replaced by such of lenticular form 
after wind-tunnel tests had shown the latter to "be more 
propitious, with a drag coefficient of 

c m 0.80 to 0.40, 

at very low Reynolds Numbers. 

Beginning in 1928, the Sv6, S.63, and G-loster VI were 
again fitted with streamline section wires because of their 
superiority with a 22 percent lower drag than those of len- 
ticular section. Admittedly, these wires must be finished 
by hand to insure satisfaction. 

The cinematographic records taken of the landings of 
the S.5 revealed 143 fcm/h (8 9 nii./hr.^ as best landing 
speed with an angle of attack of 11.5 . The accuracy of 
these measurements was within i2 percent. This gives a 
maximum lift coefficient ox the seaplane of 

c ar J ~ 1.37 to £X|, 11.5° (reference 10) 

Wind-tunnel tests on the S.5 wing having R.A.P. 30 wing 
section (reference 11) showed 

c a = 0.83 at a = 11.6° 

0 *amx = 0#95 at a " 15 ° 

or c a =s 0.92 at a = 11.6° after allowance for ground 
interference. For the whole seaplane the lift was c a = 
1.09 (inclusive of allowance for ground effect and Rey- 
nolds ITumber from comparative measurements on R.A.F. 30 
wing section) . 
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The maximum lift, according to the measurement on the 
complete seaplane model was reached at around a = 19° ■ 

The not inappreciable discrepancy of Ac a = 0*28 in 
lift coefficient "between flight measurement and carefully 
corrected model test is perhaps attributable to slipstream 
effect,* 

On the "basis of the measurements, the choice of wing 
section for the S # 6 fell to one giving the maximum lift 
coefficient at a = 14°. The fact that racing airplanes 
land at comparatively low a (up to 12.5°, according to 
measurements), proves that the a$gl$ of attack range which 
is available for purposes of landing, has not "been fully 
utilized hitherto ♦ The English wind-tunnel tests on rac- 
ing seaplane models revealed a delayed separation of the 
flow at high angles of attack as compared to wing models* 
Apart from that, it was precisely at high angles of attack 
that the lift of the nonlif ting parts was perceptibly felt. 
To illustrate: the model of the Gloster IV biplane showed 
a critical a ~ 25° ttL contrast to a = 13 for the mod- 
el wing* Tho bohaviog of the Short 11 Crusader 1 * was very 
peculiar* At a = 18 and c a = 0.85, a separation of 
flow, i .o* , a lift decroase, was noted; but as a in- 
creased the lift did not disappear in the same measure as 
common for airplane wings, but gradually increased again 
to c a. ia £ r " at a ~ : 35° to 40° (uncorrected model 

figure). The floats and the cylinder helmets are large 
contributory factors to these lift conditions, as also is 
the comparatively small aspect ratio of the wings. 

The lift of the seaplane in flight most likely re- 
veals a similar behavior, from which it may bo concluded 
that with racing airplanes especially, a much lower land- 
ing speed is obtainable when effected at greater angle of 
attack. The remarkably extended speed range of high-speed 
airplanes may be assumed as attestation to this surmise. 

When interpreting the measurements it should be borne 
in mind that the S.5 is said to develop very disagreeable 
stability conditions (tendency to suddenly go into a spin) 
when approaching the critical angle of attack (stalling). 



*English measurements on the ?oT:ker F VII commercial non- 
oplane show a discrepancy of only 53 C.l (reference 12) 

between nonrunning and running engine. 
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As concerns tho drag conditions, the graph (fig* 2) 
and table II manifest that there is no longer any differ- 
ence between landplanes and seaplanes, although there was 
considerable in 1933, on account of the high float drag, 
3?or example, the identical Curtiss army racer OR 2 with 
the same engine but fitted with landing gear, reached a 
speed of 531 km/h (195 mi#/hr # ) over a 250 km (I55 # : : i mi.) 
course in the 1922 Pulitzer Race which, in the 1923 Schnei- 
der Contest, fitted with two floats and with 55 kg (121 lb.) 
more fuel load, reached a speed of 235 km/h (177 mi . /hr . ) • 
The 13.5 percent speed loss in favor of the landplane 
proved therefrom has, however, disappeared to-day, thanks 
to systematic measure m e n t s • 

Figure 2 likewise shows some speed records, It is 
seen that these, however, can make no claim as suitable 
basis for checking, Tor one thing, the accuracy of even 
the very latest pho t ogrammetri c methods vrith an accuracy 
of within l/20 socond over a 3 km (l # 86 mi.) course, is 
far from being as great as tho timing over a 350 km (217.5 
mi.) closed circuit. Moreover, tho distance is not flown 
at steady speed. Prior to entering tho course the pilot 
attains altitudo so as to insure a maximum acceleration. 
Tho result is a much higher top Bpood than the actual top 
speed in unaccelcrat cd horizontal flight. Oontr ar iwi so , 
the measured figures of tho Schneider races are much more 
reliable. The measiired speeds - owing to the losses in 
cornering - arc appr oaeimat oly from 3 to 6 percent lowor 
than the true maximum speed in unaceoleratod level flight. 
This speed loss is about tho sr,rno for all seaplanes. But 
there is yet another, more substantial error which equally 
results in an vmduly low estimation of the true top .speed t 
and that is that several of the newer r&ciag seaplanes 
could not be flown at full throttle during the whole race 
because of insufficient cooling. In fact, the English pi- 
lots of 1929 and 1931 stated that they literally flew the 
race according to the cooling water thermometer, i.e., 
throttled tho engine so as not to exceed the maximum per- 
missible cooling- water temperature. 

In any case the average speed of the Schneider races 
was therefore somewhat less than the true top speed* 

A fair average for modern racing seaplanes of stand- 
ard typo, according to figure 2, is found from the empir- 
ical formula 

v na3C = 102 jTiT* 
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wherein V max is expressed in kilometers per hour, 8 » 

engine output in horsepower and P wing area in ia 2 .; : * 
This approximation oases modern racing seaplanes on a 
M hif;h- speed figure" of 

r,/cr t7 - 19.5 approximately, 

which, as the .;:;raph reveals, is fairly accurate for land- 
planes and seaplanes in high-speed flights over greater 
distances. On the other hand, the world's speed records 
over a o-kilometer course do not lend themselves to such- 
averaging # 

The racers of the Schneider Contests wore designed 
solely for hi~h-spood work at low altitude. In spite of 
that these seaplanes with their low power loading have at 
times revealed climbing speeds which are far "beyond any- 
thing developed by service airplanes. Thus the Gloster 
71 (see table II) had a speed of climb of 26.8 m/s (87.9 
ft. /sec.) near ground level. The American entries also 
showed remarkable climbing power. 

Under otherwise idontial conditions, the take-off and 
landing speeds of the different seaplanes were widely at 
variance, The ba3ce~o£f difficulties duo to torque reac- 
tion have already been pointed out* Then there is the 
propeller thrust during taxying,** the hydrodynamic quali- 
ties of the flotation gear, and above all the training of 
the pilot. Careful float design conformable to towing 
tests has lowered the water resistance con si derably and 
the tendency to porpoising when approaching the hump speed. 



*L. rlirschauer, in his report (reference 13), attempts to 
set up a similar approximation for the speed performance by 
means of his "quality" factor, which corresponds to the 
German "distance figure" (t|/c ) • With an assumed average of 
T\/c - 3.0, his approximation is V = ~ 310 n/&. But the 
agreement with experience is not as satisfactory as by our 
approximation method, as seen when comparing the "distance 
figures" in table II. The comparison with equal high- 
speed figures is less objectionable. Sesides, the horse- 
power in Hir schauei's Deperdus sin airplane, which he used as 
Illustration, should read 140 hp. effective performance 
instead of 160 hp. rated output, that is, T|/€ » 3 .2 in- 
stead of Tf}/€ ~ 3.0. 

**The propeller efficiency at maximum hump speed (on take- 
off) is about T) : - 0.08. 
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In this respect the floats on the S.6 B are claimed to "be 
much superior to those of the S.S. 

Static thrust tests on the G-loster III 3 "biplane with 
direct-drive Napier-Lion VIII engine developed 601 hp, at 
2 9 600 r.p.m,, a thrust of 375 kg (827 lb.) for a propeller 
of 2,050 mo; (6*73 f t«.) diameter, and 38 pitch at 0 # 7 ra- 
dius. Another propeller of the same type "but with approx- 
imately 37° pitch, was unsatisfactory for starting (refer- 
ence 15) . 

In contrast to this the S.6 A (modified S.6) and the 
S.5 3 (subsequent development of S.S) showed a much cleaner 
float design and a much quicker take-off despite the much 
higher take-off speeds. The longest take-off of the S.6 E 
was 43 seconds at the time the world 1 s record was estab- 
lished with a propeller of higher pitch. The quickest 
take-off of the 1931 Schneider Race was 17 seconds. The 
landings are as a whole more uniform, ranging from 18 to 
20 seconds for the S.S 3. The longest take-off was that 
of the S.S, with an average of SO seconds. 

The Short 11 Crusader 11 had a quick take-off, i.e., 8 
seconds, with full load. The tako-off for the S.5 and the 
Glostor IV 3 ranged from 15 to 32 seconds in a slight 
breeze; that of the Kacchl 14.52 was 18 seconds, in a 
Blight head wind, and 2b seconds in flat calm. 



Translation by J # Yanier, 
Uo.tional Advisory Committee 
for Aeronautics. 
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Figure lb. - Vising loading, power loading, design factor and 
standard speed of the winning airplanes, 1913- 

1931. 
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Figure Z.~ Speed of racing planes, 1913 - 1931. (The figures from 
1 to 37 refer to the running numbers in table II.) 
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Figs. 3,4,5,6,7,8,9 




Jfigure 4.- Super-marine S6 f 1931, 

(2300-2600 hp R.R # 
water cooled) designer R.J. 
Mitchell (see also Figures 33-36) 




hp Ansaldo, designer 
R« Conflenti. 




Figure 8.- Macchi U VII ,1921,250 



I.F. designer Tonini. 



Figure 3#- Deperdussin seaplane 

1913, (160 hp Gnome 
rotary) , designer Bechevau,no step. 




Figure 5. Sopwith "Bahy" ,1914 (80 hp 

single cylinder Gnome, 
rotary), designer F. Sigrist. This 
type was used during 1914-1916 as 
scout and "bomber against ships when 
fitted with two homhs of 30 each. 



Figure 6.- Savoia S 13, flying hoat 
1919, 300 hp I.F. 6 cyl- 
inder water cooled engine. Convert- 
ed navy pursuit, designer 



R. Conflenti. 




Figure 9.- Macchi M 19, 1921, 720 hp 
Fiat, designer Tonini, 
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Figs. 10,11,14,15,16,17,18 




Figure 10.- Curtiss CR3, 1923, 465 Figure 11.- Curtiss R3 C-2, 1925, 
hp Curtiss, designer 625 hp Curtiss engine, 

T.P. Wright. - designer T.P. Wright. 




Figure 16.- Gloster III, 1925, 700 hp 

Napier engine, designer 
H.P. Folland, (wing radiators) 





Figure 14.- Dornier racing design 

1924, wind tunnel model- 



Figure 17.- Macchi M 33, 1925, 400 

hp Curtiss engine, 
designer Castoldi. 





Figure 18.- Macchi M 39, 1926, 800 ■ 

hp Fiat engine, Figure 15.- Dornier racing design 

designer Castoldi. 1924, wind tunnel model. 




^Figure 12.- Curtiss 
R3 C2, 
1925, three view 
drawing. 



Figure 13.- Doraier 
design 
of January 4 1924 
with 450 hp Curtiss 
engine 9 design 
speed 330 kn/h (205 
m.p.h.) Note the 
float design. 
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Figs. 19,20,21,22,25,26,27 




Figure 19.- Hacchi M 39, 1926, 800 

hp Fiat engine, 
designer Castoldi. 





Figure 20.- Superraarine S 5, 1927 
875 hp Napier engine, 
designer R.J. Mitchell 



Figure 25.- Dornier design with 
two 1000 hp engines, 
exhibited at the ILA/l928- 





Figure 21.- Short "Crusader" 1927, 

air cooled 870 hp 
Bristol Mercury radial engine, only 
modern high speed racer with air 
cooled engine, design speed accord- 
ing to model tests, 425 km/h (264 
Figure 26.- Savoia S 65, 1929, two m.p.h.) designer W.A. Bristow. 

970 hp I.F. engines, 
designer Marchetti. 




ft 




Figure 27.- Savoia S 65, 1929, two Figure 22.- Gloster IV, 1927, 875 

970 hp I.F. engines, hp Napier, 

designer Marchetti. designer H.P. Folland. 




Figure 23. Gloster IS B, 1927/1928 




Figure 24.- Kirldiam- 
Packard - 
Williams -X, 1927 r 
1250 hp Packard, 
designer, Kirkham - 
Williams 




Figure 35.- Super- 

marine 
S6B, 1931, 2300- 
2600 hp R.R. engine, 
designer 
R.J. Mitchell 
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Figure 28.- Macchi M 67 1929, 1400 Figure ^ Fiat c 29> 1929f 1000 hp 



hp I.F. engine, 
designer Castoldi 



Fiat engine, span 6.3 m 
(20.7 ft.) f wing area 7.25 m2 (78.04 
sq.ft.) design factor, =174 




Figure 30.- Gloster VI, 1929, 1200 

a « tt p^nJSiS enSine> figure 31.- Floatless Piaggio F 7, 

designer H.P. Folland. & 192g> g?0 hp I#F# engine 




Figure 32.- Floatless Piaggio P7, 

1929, 970 hp I.F. engine 

| Figure 33.- Supermarine S 6 B, 1931 
2300- 2600 hp R.H. 
engine, designer R.J. Mitchell. 





B Figure 36.- Dornier design 1931, two 
Figure 34.- Supermarine S 6 3, 1931, 2000 hp engines with 

2300-2600 to R.R. engine direct propeller drive, design 
designer R.J. Mitchell * speed 650 Ism/h (403.9 m.p.h.) 
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Pigs. 27,38,39 



(Saulnier 3) 



Deperdussin ED (1913) 
Sopwith DD (1914) 



II 



IV 



V 



VI 



(Eiffel 17r 52,17ieuport) 



= Jlieuport ED (1913) 



(Ourtisa C- 62) 



-c 



(P.. A.?. 30) 



(H.A.E. 25) 



(1T.A.C.A. ":: 6 ") 



Curtis* CP. 3 DD (1983) 
Kirkham- Williams DD 
(1927) 

• Supermarine S 5 TD (1927) 
'•ling and horizontal 
tail surfaces. 

.Gloster IV DD (1927) 
Slcster VI TD (1929) 

G-ee Bee supersportster 
TD (1931) 



Figure 37.- Wing sections of racing planes. 
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Figure 35.- Frontal area of engines superimposed on maximum 
cross section of fuselage 1924- 1929, 
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VII 
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figure 39.- Left, standard Lion V, center Lion VII in 

C-loster III 1925, right Lion VII 3 in 
Supermarine S 5 1927. 



